1 Cadmium (Cd) contamination in fishery byproducts is an environmental hazard; enzymatic removal and 2 adsorption of the contaminant may be useful for recycling byproducts as animal feed. We cloned the gene 3 for Arthrobacter nicotinovorans serine protease (ANISEP), which was isolated from the hepatopancreas 4 of the Japanese scallop (Patiopecten yessoensis) and has been found to be an effective enzyme for Cd 5 removal. The gene is 993 bp in length and encodes 330 amino acids, including Pre (1-30) and Pro (31-6 111) residues. The catalytic triad consists of His, Asp, and Ser; sequence similarity confirmed ANISEP as 7 a member of the extracellular serine proteases. X-ray crystallography revealed structural similarities 8 between ANISEP and the trypsin-like serine protease NAALP from Nesterenkonia sp. Site-directed 9 mutagenesis identified Ser171 as the catalytic residue. The keratinolytic activity of ANISEP was 10-fold 10 greater than that of trypsin. ANISEP digested Cd-bound recombinant metallothionein MT-10a from 11 Laternula elliptica, but did not release Cd. These results suggest ANISEP is a trypsin-like serine protease 12 that can cause Cd release from the Japanese scallop hepatopancreas because of its strong keratinolytic 13 activity.
Introduction
culture broth. This extract was then applied to a HiPrep DEAE FF 16/10 column (GE Healthcare) attached to an ÄKTA explorer 100 system (GE Healthcare) and flow-through fractions were recovered.
1 In a 1.5-mL plastic tube, enzyme samples (0.1 mL) were mixed with 0.9 mL skim milk (Morinaga 2 milk industries, Tokyo, Japan) solution (2% w/v in 50 mM phosphate buffer, pH 7.0) and incubated at 3 30°C. The reaction was stopped by cooling on ice, followed by centrifugation at 15,000 rpm for 2 min.
4
Free amino groups in the supernatant were quantified by ninhydrin colorimetry. Briefly, 250 µl of the 5 supernatant was mixed with 50 µl SnCl 2 solution (1.35% in 3 M sodium acetate buffer, pH 5.0) and 1 mL 6 ninhydrin solution (2% in 2-methoxyethanol:3 M sodium acetate buffer, pH 5.0 = 1:1) and boiled for 20 7 min. To this mixture, 2.5 mL 50% (v/v) 2-propanol was added, mixed, and cooled at room temperature.
8
A 570 of the reaction mixture was measured and the amino group was quantified by using a leucine 9 standard. One unit (U) of protease activity was is defined as the amount of enzyme required to liberate 1 10 µmol of leucine per min. Protein concentration was determined by the method of Lowry et al. [18] , with 11 the Protein Assay Lowry kit (Nacalai Tesque, Kyoto, Japan).
13
Cd release from the scallop hepatopancreas
14
The Cd release assay was performed as described previously [5] . Dried scallop hepatopancreas 15 powder was suspended into 50 mM Tris-HCl (pH 7.0) at 2% (w/v). A 1.8-mL aliquot of scallop 16 hepatopancreas suspension was mixed with 0.2 mL enzyme solution and incubated with gentle shaking at through a 0.45-µm filter. The Cd concentration in the supernatant was measured with a polarized Zeeman atomic adsorption spectrophotometer Z-5310 (Hitachi Koki, Tokyo Japan).
21
Crystallization and structural analyses
22
Prior to the crystallization trials, the purified protein in buffer containing 10 mM Tris-HCl (pH 7.0) 23 and 20 mM NaCl was concentrated to 15 mg mL -1 on a Millipore centrifugal filter device (Amicon of reservoir solution and equilibrated against 0.1 mL reservoir solution at 20°C. Crystals were grown 4 from JCSG Core IV #47 (0.1 M HEPES, pH 7.5, 4.3 M sodium chloride). Several conditions were 5 screened further by the hanging-drop method using 24-well VDX plates (Hampton Research, Aliso Viejo, 6 CA) by mixing 1.5 µl protein solution and 1.5 µl reservoir to be equilibrated against 0.5 mL reservoir 7 solution at 20°C. 8 X-ray diffraction data were collected at beamline NE3A of the Photon Factory Advanced Ring 9 (PF-AR, Tsukuba, Japan) using an ADSC CCD detector Q210. Prior to data collection, crystals were 10 cryoprotected by transfer into a solution containing 32% (v/v) sucrose for a few seconds and flash-cooled.
11
The data set was integrated, merged, and scaled using HKL-2000 [19] . The structure was solved by the 
18
Construction of catalytic residue mutants 19 pDEST14/990ATG was used as a template DNA for the formation of a catalytic residue mutant by 20 DpnI mediated site-directed mutagenesis [24] . Three pairs of primers were designed to introduce the 21 mutation(s) ( Table 2) . Amplification was performed with pDEST14/990ATG, a pair of primers, and KOD-plus DNA polymerase (Toyobo, Osaka, Japan) as instructed by the manufacturer. The amplified 23 DNA was purified with MicroSpin S-300 HR columns (GE Healthcare) and blunted and kinated with the (New England Biolabs). This DNA was digested with DpnI (New England Biolabs) and used in 1 transformation of E. coli TOP10. After confirming the mutation, mutated vectors (pDEST14/S170A, 2 pDEST14/S171A, and pDEST14/S170,171A) were used in expression analyses.
4

Digestion of various proteins
5 Digestion of keratin was tested using keratin azure (Sigma, St. Louis, MO) as a substrate. In a 6 1.5-mL tube, 10 mg keratin azure, 1.0 mL of 50 mM phosphate buffer (pH 7.0), and 0.5 mL ANISEP 7 solution (1 mg/mL in the same buffer) were added and incubated at 50°C for 12 h. After centrifugation at 8 20,000 × g for 1 min, A 595 of the supernatant was measured. One unit of keratinolytic activity was defined 9 as the amount of enzyme required to increase A 595 by 0.01 per 30 min. buffer [pH7.0]) and 0.1 mL ANISEP solution (10 µg/mL in the same buffer) were added and incubated at 13 50°C for 15 min. A 0.6-mL aliquot of the reaction mixture was transferred to a new tube and mixed with 14 0.3 mL of 10% trichloroacetic acid and cooled on ice. After centrifugation at 20,000 × g for 3 min, 0.5 mL 15 supernatant was mixed with 2.5 mL of 0.5 M Na 2 CO 3 , followed by addition of 0.5 mL of 1 M and the amino group was quantified with a tyrosine standard. One unit of protease activity was defined as 18 the amount of enzyme that released 1 µg tyrosine per min.
19
In the assays using trypsin from the porcine pancreas (Wako), the buffer pH was 8.0, and reactions 20 were performed at 37°C. Heat-inactivated enzymes were used in the negative control (blank) reactions.
22
Preparation of recombinant Laternula elliptica metallothionein-10a 23 pET41-MT was introduced into E. coli BL21 star (DE3). A 10-mL aliquot of an overnight culture between the nucleotide sequences of the F2-R5 fragment and the gene for hypothetical protein Arth_1091, 23 but the amino acid sequence encoded by the fragment showed 80% similarity to Arth_1091. These results Heavy metals in bivalves are known bound to metallothionein, a family of cysteine-rich, 23 low-molecular-weight proteins. The specific Cd-release activity of ANISEP may be due to the substrate ideal; however, there are no data on the molecular weight or metal chelating ability of scallop characterize the mechanism of Cd removal by ANISEP.
Conclusion 3
This study revealed the structure of ANISEP and its high keratinolytic activity, which may related 4 to the Cd released from the scallop hepatopancreas. Further structural studies on substrate specificity and 5 the thermodynamic profile will help elucidate the Cd-removal mechanism and inform enzymatic 6 modifications for applications in the microbial removal of Cd from fishery byproducts obtained from 7 scallops and other mollusks. MT-GST: 39KDa 990ATG_S170A-F GCC TCG GGC GGT CCG TGG 990ATG_S170A-R ACC ACC GGT CAT GTT GCA GGG S171A 990ATG_S171A-F GCC GGC GGT CCG TGG TTC A 990ATG_S171A-R GGA ACC ACC GGT CAT GTT GCA GG S170, 171A 990ATG_S170, 171A-F GCC GCC GGC GGT CCG TGG TTC 990ATG_S170A-R ACC ACC GGT CAT GTT GCA GGG
